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ABSTRACT; An apparatus was designed to separate roots automatically from 
large soil samples (>20 kg). The apparatus (1.50 m height) was constructed of 
polyvinyl chloride pipes (diameter = 100 mm). The roots were separated from soil 
mineral particles at the base of the apparatus by a high energetic hydrovortex, and 
then transfered to a 200-pm sieve by a flow of water and small air bubbles. The 
inlet flow of both water and air were ajusted to obtain roots similar to those 
separated by hand (control). The statistical analysis indicated that 7 out of 42 tested 
pairs of water and air flows gave results not significantly different from the control. 
The inlet water flow is fixed to 3 L/min and the air inlet to 100 units for routine 
analysis. The washing cycle is completed in 5 minutes for 200 g of soil, but for 
larger soil samples, it could be extended over several hours after evacuating the 
mineral particules from the base of the apparatus. 
INTRODUCTION 
The different methods for in situ quantitative root measurement have already 
been reviewed (Boehm, 1979). These methods can be divided in two main 
categories: e.g. destructive soil-root interaction methods and non-destructive soil- 
root interaction methods. The latter involve observing roots in soil behind glass 
windows (Pearson and Lund, 1968; Roberts, 1976) or glass tubes (Sanders and 
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Brown, 1978; Brown and Upchurch, 1987; Smucker et al., 1987). Glass tubes or 
minirhizotrons are designed to quantify root biomass and root growth under field 
conditions and to measure the spatial variability of the main root parameters: e.g. 
root lenght density and root diameter (Cheng et al., 1991; Parker et al., 1991). 
Despite their number of uses in agriculture, these techniques are not yet fully 
perfected (Bragg et al., 1983; Maertens, 1987; Parker et al., 1991). Among the 
destruc tive soil-root interaction methods, the core sampling method is commonly 
used. This method provides accurate results, but separation and hand-removal of 
roots from soil are time-consumming and labor-intensive. Several automated 
washing machines have been tested for rapid quantitative root separation from soil 
samples (Fribourg, 1953; Fehrenbacher and Alexander, 1955; Cahoon and Morton, 
1961; Brown and Tilhenius, 1976; Smucker et al., 1981). The method proposed by 
Smucker et al. (1981) consists of a maniflod of nine hydropneumatic-elutation 
units constructed of PVC in which roots, presoaked for 16 hours in a Na(P03)6 
solution (50 g/L), are separated from the soil by water spray, and then removed by 
flotation by small air bubbles. The entire wash cycle requires from 3 to 10 minutes 
for nine samples of 125 g each. 
This study, which was part of a research program dealing with the tumover of 
soil organic matter in tropical grasslands, reports on the efficiency of a modified 
version of the apparatus described by Smucker et al. (1981). This apparatus was 
adapted for quantitative root separation from large soil core samples (>20 kg) and 
for the separation of 1,000-200 mm roots which represents the most time- 
consuming work. 
MATERIALS AND METHODS 
Description of the Apparatus 
The hydropneumatic-elutriation apparatus was constructed of polyvinyl chloride 
pipes fitted together (Figure 1) so that it can be easily dismantled for cleanning. A 
soil sample was brought into the washing chamber (Figure 1B) by unit A (Figure 
1A) consisting of a 100 to 40 mm reducer and a 40 mm diameter tube assembly. In 
the washing chamber (diameter = 150 mm), soil was dispersed by a high energy 
hydrovortex produced by two vertical rows of eight pressurized jets of water 
(diameter = 500 pm). Roots and organic debris were separated from coarse mineral 
particles (>200 pm) by flotation in a flow of small air bubbles produced from 10 
holes (diameter = 500 pm) in an horizontal tube. The mineral particles remaining at 
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I FIGURE 1: Scheme of the apparatus. 
the base of the washing chamber could be evacuated through an exhaust even 
during the operation of the apparatus (Figure IC). Pneumohydro-elutriated organic 
materials are collected on a sieve (200 pm) (Figure 1D). Inlet flows of both air and 
water are controlled by a regulator. 
Calibration of Air and Water Flows 
The soil used for the calibration was a vertisol (clay content = 60%) under a 
two-year-old pasture of pangola grass (Digitaria decumbens). The diameter of the 
plant root was 500 mm. One square meter of the top soil layer (0-0.10 m) was 
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sampled after aerial plant harvest. The soil was air dried and homogenized. Two 
hundred grams of soil were presoaked over night in a solution of NaOH (O. 10N at 
pH IO) to enterely disperse the soil (Feller et al., 1991) and then sieved at 1 mm to 
collecte the organic residues larger than 1 mm. The soil (<I-") was used for the 
calibration. 
The control treatment consisted of handsorting the roots (>200 pm contained in 
the soil <1 mm) by sieving at 200 pm and flotation in water. 
Statistical Analysis 
The dry weight (RW) and percentage of the weight loss on ignition at 950°C 
(1%) of the roots 200-1,000 mm separated by pneumohydro-elutriation were com- 
pared with those of the same roots isolated by hand. 
Seven air flows (AF = 10, 20, 40, 70, 100, 150, and 200 expressed in an 
arbitrary unity) and six water flows (WF = 2,3, 4,6, 8, and 11 L/min) were tested 
in different combinations (42 pairs). Triplicate soil samples were analysed for each 
couple ( A F W )  and four replicates for the control treatment. 
The effect of the treatments on both the root dry weight (RW) and the weight 
loss-on-ignition (1%) was assessed by means of a one way ANOVA. A comparison 
test was made with Fisher's least significant difference test (Sokal and Rholf, 1981) 
to identify treatments leading to mean values non significantly different from results 
obtained in the control. 
RESULTS 
One-way ANOVA indicated that treatments effects on both the root dry weight 
(RW) and the weight loss-on-ignition (1%) were highly significant (p = 0.0001; 
F-test, u = 5%) in each case. RW and I% varied with respect to air and water flow 
values. Water flows higher than 4 L/mm always lead to large departure from control 
values both for RW (Figure 2) and I% (Figure 3). 
The Fisher's least significant difference test showed that: i) water flow of 3 
L/min associated with air flow of 20,40,70, 100, and 150, and ii) water flow of 2 
L/min associated with air flow of 100 and 200 gave results not significantly 
different from the control. Among the possible regulations of the apparatus, the air 
flow of 100 associated with either water flows of 2 L/min or 3 L/min gave the 
closest values to control (Figure 2). We propose to use the water flow of 3 L/min 
and eliminate the flow of 2 L/min to not use the apparatus in the flow limits. For 
routine analysis, water and air flows are, respectively, fixed at 3 L/min and 100 
units. 
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FIGURE 3: Weight loss on ignition (1%) of the roots 200-1000 pm 
2708 CHOTTE, LAURENT, AND ROSSI 
DISCUSSION AND CONCLUSION 
The hand separation of plant roots from soil samples provides accurate results 
but is time-consumming. An apparatus was contructed to separate plant roots auto- 
matically from large soil samples by hydropneumo-elutriaton to reduce this time. 
The soil was presoaked overnight and sieved at 1,000 mm prior to separation. The 
soil (4,000 mm) was then brought into the washing chamber of the apparatus 
where the roots are separated from the mineral particles by a flow of water and air. 
The inlet flow of water and air were calibrated by comparing the dry weight and the 
weight loss-on-ignition of the roots with those of the same roots separated by hand 
(control). The mineral particles remaining at the base of the apparatus can be 
continously evacuated through an exhaust. The entire washing cycle lasted for 5 
minutes for a 200 g of dry soil sample. 
Seven out of 42 &/water pairs of flow rate gave results not statistically different 
from the control which highlights the adaptability of the apparatus. For routine 
procedural use, the water inlet is fixed at 3 L/min and the air inlet at 100 units. 
This modified hydropneumo-elutriation apparatus separates roots efficiently 
from 200 g of soil within 5 minutes and because the mineral particles can be 
evacuated during the washing cycle, the apparatus could be used continuously for 
several hours. We have already tested this apparatus to collect roots from 20 kg of 
soil in one day (unpublished data). The efficient and quantitative separation of roots 
from large soil samples by this procedure makes it useful for the routine analysis of 
large number of samples in root turnover studies 
FEFERENCES; 
Boehm, W. 1979. Methods of Studying Root Systems. Springer-Verlag, New 
York, NY. 
Bragg, P.L., G. Govi, and R.Q. Cannell. 1983. A comparison of methods, 
including angled and vertical minirhizotrons, for studying root growth and 
distribution in a spring Òat crop. Plant and Soil 73:435-440. 
Brown, D.A. and D.R. Upchurch. 1987. Minirhizotrons: A summary of methods 
and intruments in current use, pp. 15-30. m: H.M. Taylor (ed.) Minirhizotron 
Observation Tubes: Methods and Applications for Measuring Rhizosphere 
Dynamics, ASA Special Publication No. 50. American Society of Agronomy, 
Madison, WI. 
Brown, G.R. and E.S. Thilenius. 1976. A low-cost machine for separation of 
roots from soil materials. J. Range Manag. 29:506-507. 
ROOT SEPARATION FROM SOIL SAMPLES 2709 
Cahoon, G.A. and E.S. Morton. 1961. An apparatus for the quantitative separation 
of plant roots from soil. J. Amer. Soc. Hort. Sci. 78593-596. 
Cheng, W., D.C. Coleman, and J.E. Box. 1991. Measuring root turnover using 
the minirhizotron technique. Agriculture, Ecosystems and Environment 34261- 
267. 
Fehrenbacher, J.B. and J.D. Alexander. 1955. A method for studying corn root 
distribution using a soil-core sampling machine and a shaker-type washer. 
Agron. J. 47:468-472. 
Feller, C., G. Burtin, B. Gerard, and J. Balesdent. 1991. Utilisation des résines 
sodiques et des ultrasons dans le fractionnement granulométrique de la matière 
organique des sols. Interêts et limites. Science du Sol 49:77-93. 
Fribourg, H.A. 1953. A rapid method for washing roots. Agron. J. 45:334-335. 
Maertens, C. 1987. Ways to using endoscopy to determine growth and quality of 
root systems, pp. 31-37. IN: H.M. Taylor (ed.) Minirhizotron Observation 
Tubes: Methods and Applications for Measuring Rhizosphere Dynamics, ASA 
Special Publication No. 50. American Society of Agronomy, Madison, WI. 
Parker, C.J., M.K.V. Cart, N.J. Jarvis, B.O. Puplambu, and V.H. Lee. 1991. An 
evaluation of the minirhizotron technique for estimating root distribution in 
potatoes. J. Agri. Sci. (Cambridge) 116:341-350. 
Pearson, R.W. and Z.F. Lund. 1968. Direct observation of cotton root growth 
under field conditions. Agron. J. 60:442-443. 
Roberts, J. 1976. A study of root distribution and growth of Pinus sylvestris L. 
(Scotch pine) plantation in East Anglia. Plant and Soil 44607-621. 
Sander, J.L. and D.A. Brown. 1978. A new fiber optic technique for measuring 
root growth of soybeans under field conditions. Agron. J. 70:1073-1076. 
Smucker, A.J.M., S.L. McBurney and A.K. Srivastava. 1981. Quantitative 
separation of roots from compacted soil profiles by the hydropneumatic 
elutriation system. Agron. J. 74501-503. 
Smucker, A.J.M., J.C. Fergusson, W.P. DeBruyn, R.K. Belford, and J.T. 
Ritchie. 1987. Image analysis of video-recorded plant root systems, pp. 67-80. 
- IN: H.M. Taylor (ed.) Minirhizotron Observation Tubes: Methods and 
Applications for Measuring Rhizosphere Dynamics, ASA Special Publication 
No. 50. American Society of Agronomy, Madison, WI. 
Sokal, R.R. and F.J. Rohlf. 1981. Biometry. 2nd Edition. W.H. Freeman and 
Company, New York, NY, 
